Background: Targeted therapy, using biomarkers to assess disease activity in ulcerative colitis (UC), has been proposed. Objective: The objective of this study was to evaluate whether pharmacological intervention guided by fecal calprotectin (FC) prolongs remission in patients with UC. Methods: A total of 91 adults with UC in remission were randomized to an intervention group or a control group. Analysis of FC was performed monthly, during 18 months. A FC value of 300 mg/g was set as the cut-off for intervention, which was a dose escalation of the oral 5-aminosalicylate (5-ASA) agent. The primary study end-point was the number of patients to have relapsed by month 18. Results: There were relapses in 18 (35.3%) and 20 (50.0%) patients in the intervention and the control groups, respectively (p ¼ 0.23); and 28 (54.9%) patients in the intervention group and 28 (70.0%) patients in the control group had a FC > 300 mg/g, of which 8 (28.6%) and 16 (57.1%) relapsed, respectively (p < 0.05). Conclusion: Active intervention significantly reduced relapse rates, although no significant difference was reached between the groups overall. Thus, FC-levels might be used to identify patients with UC at risk for a flare, and a dose escalation of their 5-ASA agent is a therapeutic option for these patients.
Introduction
Pharmacological treatment of ulcerative colitis (UC) is traditionally divided into treatment of active disease and treatment to maintain remission. Active UC of mild to moderate severity should preferably be treated with a 5-aminosalicylate (5-ASA) compound, given orally, topically or in combination, depending on disease distribution and severity. 1 A dose-response effect of 5-ASA has been shown to induce remission in UC. [1] [2] [3] [4] [5] Likewise, an oral 5-ASA agent is the first choice of treatment to maintain remission in UC. 1 Even though several studies report a dose-response effect of 5-ASA to maintain remission, the documentation is not as robust as it is for induction of remission in active disease. [6] [7] [8] Still, dose escalation of 5-ASA is one of several options when the maintenance treatment must be improved. 1 Annually, up to 50% of patients with UC suffer a relapse, despite ongoing maintenance treatment. 9, 10 In 1992, Røseth et al. 11 introduced a method for quantification of calprotectin in feces and found it useful as a biomarker of intestinal diseases, especially as a sensitive marker of disease activity in inflammatory bowel disease (IBD). Thereafter, fecal calprotectin (FC) was evaluated in numerous studies and it has been shown to be a useful tool in the diagnosis of IBD and to evaluate disease activity and response to therapy in IBD. [12] [13] [14] Furthermore, FC was assessed as a marker to predict the disease course in IBD. [15] [16] [17] In these studies, patients with IBD in clinical remission were included for evaluation of the clinical course during 1 year. The results are strikingly consistent: Patients with elevated values of FC at inclusion have an increased risk of disease recurrence over the year to come, as compared to patients with normal or only slightly elevated levels of FC. This result is consistent with previous reports of normal levels of FC predicting mucosal healing with high probability, and that mucosal healing has a great impact on the clinical course of IBD. [18] [19] [20] Accordingly, a novel treatment strategy was proposed: To use FC levels to guide treatment in patients with IBD, to achieve sustained remission. 15, 17 Therefore, the objective of this study was to evaluate whether monitoring of FC on a regular basis, with dose escalation of oral 5-ASA in patients with increased calprotectin levels, has an impact on the clinical course in patients with UC.
Patients and methods
Adult patients with UC in clinical remission, but with at least one flare-up during the previous year, were eligible for this open-label, prospective, randomized, controlled study and they were followed for 18 months. The patients were recruited from five gastroenterology units in Western Sweden. All patients were on maintenance treatment with an oral 5-ASA preparation not exceeding 2.4 g Asacol Õ (mesalazine, Tillots Pharma, Rheinfelden, Switzerland), 2 g Pentasa Õ (mesalazine, Ferring Pharmaceuticals, Saint-Prex, Switzerland) or 4.5 g Colazid Õ (balsalazide, Almirall, Barcelona, Spain). Concomitant treatment with an immunomodulating agent was allowed if that dosage had been stable for at least 3 months prior to inclusion in the study. However, patients on anti-tumor necrosis factor (anti-TNF) therapy, corticosteroids or non-steroidal antiinflammatory drugs (NSAIDS) were excluded, as were patients with a prior colon resection, pregnant patients and patients with comorbid disease that might affect their ability to comply with the study protocol. All patients provided written informed consent, according to the Declaration of Helsinki. This study was approved by the Regional Ethical Review Board at the University of Gothenburg.
Study procedures
Upon inclusion in the study, patient demographic data and disease characteristics were collected and the disease activity was evaluated according to the Mayo score. 3 Remission was defined as a Mayo score 2, with no single variable >1. A flexible sigmoidoscopy was performed within 2 weeks from the inclusion date. Health-related quality of life was assessed with the validated Short Health Scale (SHS). 21 This is a four-item questionnaire with a 100 mm visual analogue scale for the responses to each of the four questions ( Table 2 ). The results are presented as four specific scores, and not an overall score.
Eligible patients were randomly assigned in a 3:2 ratio to either an intervention group or a control group. The randomization was performed in blocks of 10 subjects, using the web-based Research. Randomizer (www.randomizer.org). To conceal the random allocation sequence, sealed envelopes were used. The patients were included in the study by the local investigator or the study's principal investigator; and once each patient was randomized, this became an open-labeled study.
All patients delivered a stool sample within 2 weeks of their inclusion. Thereafter, the patients sent a stool sample, a filled-in SHS form and details of their current medication, using the regular mail monthly, for 18 months.
We excluded patients whom were randomized to the intervention group and whom delivered less than nine samples during the study period. The patients were informed not to change any treatment themselves, but to contact their outpatient clinic if bowel symptoms occurred, to confirm a possible flare-up. In case of a flare-up, the appropriate treatment, in accordance to conventional practice, was prescribed; 1 thus, the treatment of a flare-up was not predetermined in the study protocol.
Intervention
A value of 300 mg/g of calprotectin in feces was set as the cut-off for beginning an intervention.
Patients randomized to the intervention group with a calprotectin value >300 mg/g in a stool sample were immediately requested to deliver another stool sample, within 1 week. Provided the analysis of this second sample confirmed a calprotectin value above the cut-off level, we performed a dose escalation of the 5-ASA preparation. Accordingly, we increased the dosage of Asacol Õ , Pentasa Õ or Colazid Õ to 4.8 g, 4.0 g and 6.75 g, respectively. In patients reporting adverse events after the dose escalation, the dosage was adjusted to be maximally tolerable. Thereafter, the patients continued to send a stool sample to the clinic every month during the study period. The high dose of the 5-ASA agent was maintained until the FC value was <200 mg/g, but for at least 3 months.
The primary outcome variable was the number of patients to have relapsed by month 18. A relapse was defined as an increase in symptoms, consistent with UC, and with sufficient severity to justify a change in medical treatment. Secondary outcome variables were: the time to first relapse, the need for additional medication like corticosteroids and immunomodulators, and quality of life.
Laboratory analyses
Approximately 2-3 g of feces were collected, placed in a plastic tube (Faeces Tube; Sarstedt, Nu¨rnbrecht, Germany), sent to the clinic and upon receipt, immediately frozen and stored at -70 C until analysis. The samples were analyzed within 1 week after arrival to the clinic. We determined the FC concentrations using an enzyme-linked immunosorbent assay (ELISA) (Calprotectin ELISA; Bu¨hlmann Laboratories AG, Basel, Switzerland) with a monoclonal capture antibody that was specific for calprotectin, according to the manufacturer's instructions. According to the manufacturer, the normal range for FC is <50 mg/g.
The laboratory technicians whom were analyzing the stool samples were blinded to the randomization and to the patients' clinical status.
Statistical analyses
In our control group, we assumed a 45% rate of relapse. 9,10 Based on the available data from trials on induction and maintenance of remission with oral 5-ASA agents, and the aim to assess a new treatment strategy with clinical usefulness, we assumed a 20% rate of relapse in the active intervention group. 2, 3, 5, 8, 22 With these assumptions and 80% power at a 5% significance level, we had to evaluate 130 patients, randomized in a 3:2 proportion for the final analyses. If the dropout rate was 10%, about 150 patients would have had to be included; however, due to long patient recruitment times, we completed enrolment after inclusion of 109 patients.
FC levels are presented as the median and the interquartile range (IQR). The other continuous variables are shown as the mean AE SD. Categorical variables are presented as percentages. The calprotectin values were not normally distributed; therefore, we used the Mann-Whitney U test to compare differences between the two groups. We used the Student's t-test to compare normally-distributed continuous values, and the chi-square test or Fisher's exact test to compare categorical variables. The Kaplan-Meier method was used to derive time-to-relapse curves and statistical significance was determined using the log rank test. To compare the SHS quality of life questionnaires, the median scores on the visual analogue scales for each of the four questions were calculated; and then we used the Mann-Whitney U test to compare differences between the two groups. Statistical significance was set at p < 0.05.
Results

Patient characteristics
From August 2009 to December 2012, 109 patients were included. Eighteen patients were excluded ( Figure 1 ). Another patient terminated his participation after the first relapse. Thus, 91 patients, 51 in the intervention group and 40 in the control group, were included in the primary outcome and the timeto-relapse analyses; and 90 patients were included in the remaining analyses. Baseline characteristics were similar in the two groups ( Table 1 ). The mean time in remission prior to inclusion was 5.4 (SD 3.4) months in the intervention group and 5.6 (SD 3.0) months in the control group (p ¼ 0.77). The concentrations of FC at inclusion were similar in the two groups: 66 mg/g (IQR 37-371) and 113 mg/g (IQR 58-380) in the intervention and control groups, respectively (p ¼ 0.32).
Altogether, the patients delivered 800 (mean, 15.7 per patient) and 554 (13.8 per patient) stool samples in the study's intervention and control groups, respectively. There was no statistically significant difference (p ¼ 0.91) found in the median levels of calprotectin between the groups, in all these samples (82 mg/g (IQR 34-310) versus 86 mg/g (IQR 37-278)).
At inclusion, there were 80 (87.9%), 5 (5.5%), 5 (5.5%) and 1 (1.1%) patients whom were treated with Asacol (1.6-2.4 g), Pentasa (1.0-2.0 g), Colazid (2.25-4.5 g) and sulfasalazine (1.5 g), respectively.
Intervention and relapse rates
In 28 out of 51 patients (54.9%) within the intervention group, the FC levels increased to >300 mg/g in at least one of the stool samples delivered monthly, which was confirmed in a new sample within a week. In those 28 patients, intervention (i.e. dose escalation of the 5-ASA agent) was accomplished. In the control group, 28/40 (70%) of the patients had at least one calprotectin value >300 mg/g (Figure 1 ). Figure 2 (a), 18 out of 51 patients (35.3%) in the intervention group and 20 out of 40 (50.0%) in the control group had experienced at least one relapse by month 18 (p ¼ 0.23). Overall, patients with a mild endoscopic inflammation (Mayo score 1) at inclusion did not relapse more frequently than those with a normal sigmoidoscopy (p ¼ 0.91). The relapses were verified with endoscopy in 15 patients (83.3%) in the intervention group and in 10 patients (50.0%) in the control group (p ¼ 0.07).
As shown in
For 10 of the 18 patients (55.6%) with a relapse in the intervention group, the calprotectin level did not reach the cut-off value before they relapsed. For nine of these patients, the calprotectin levels in stool samples delivered approximately 1 month before the flare were <100 mg/g and for one patient, the level was 335 mg/g; however, for this patient, the second sample provided within a week did not confirm a value above the cut-off (it was 143 mg/g).
As shown in Figure 2 (b), 8 out of 28 patients (28.6%) with active intervention relapsed, whereas 16 out of 28 patients (57.1%) in the control group with a calprotectin concentration >300 mg/g experienced a relapse (p < 0.05). The median time from dose escalation to onset of symptoms in the eight patients whom suffered a relapse despite the intervention, was 6 weeks (range 2-30).
In 18 of 28 (64.3%) patients, their FC value fell from >300 mg/g at the time of dose escalation of the 5-ASA agent, to <200 mg/g after the intervention. The time to first relapse was 14.2 AE 5.9 versus 12.1 AE 6.9 months (mean AE SD) in the intervention and control groups, respectively (p ¼ 0.13). Figure 3 shows the survival curves for the two groups. Despite the clearly separated curves, statistical significance was not achieved.
At inclusion, the median time in remission was 5 months. Relapse rates were similar for the 27 out of 55 patients in remission for 5 months and for those 11 out of 36 patients in remission for >5 months (p ¼ 0.12). Among the patients in remission 5 months prior to study enrollment, the levels of FC at inclusion were similar (p ¼ 0.47) in those with a relapse and in non-relapsing patients (72 mg/g (IQR 42-372) versus 163 mg/g (IQR 38-621)).
Treatment
No patient developed a severe exacerbation requiring hospitalization over the 18-month period, nor did any patient start biological treatment. However, one patient in each group did start treatment with an immunomodulating agent. No significant differences in treatment were demonstrated between the groups (Table 3) . Five patients, including three in the intervention group, reported headache and/or nausea due to the highdose 5-ASA treatment.
Quality of life
To assess quality of life during the study period, the SHS four-item questionnaire was filled out monthly. We found no statistically significant differences between the two groups, for any of the four questions.
Discussion
Because several studies show that asymptomatic patients with UC and high values of FC are at increased risk of a disease relapse, we performed an interventional study to evaluate if FC-guided dosing of the 5-ASA agent could reduce this risk. 15, 16, 23 Although the present study did not demonstrate statistically significant differences in overall relapse rates, we demonstrated that patients with active intervention experienced fewer disease relapses, as compared with patients in the control group with corresponding calprotectin levels. Thus, our results indicate that calprotectin levels may guide 5-ASA dosing, to avoid a symptomatic flare. This approach, with targeted medical therapy using calprotectin to identify patients with UC at impending risk of a flare, and to optimize treatment for those before symptoms appear, is new. In a very recent trial by Osterman et al. 24 a similar concept was presented; however, we preferred to monitor our patients over time and to maintain the current 5-ASA agent, instead of changing regimen. We also excluded patients with previous anti-TNF therapy, to achieve a more uniform group of patients.
A novel approach to therapy was evaluated and details of the design of a study like this have to be taken into consideration. When this study was initiated, the best cut-off values for prediction of a flare were reported to be 130-400 mg/g. 15, 23, [25] [26] [27] Furthermore, in a study by Maiden et al., 28 the cut-off of 250 mg/g was successfully used to reduce relapse rates in patients treated with white cell apheresis. Our decision to use 300 mg/g was a deliberately conservative one, to reduce the number of over-treated patients to a minimum. In a recently published study, a calprotectin value >300 mg/g was the best predictor of a flare-up in patients with UC treated with infliximab. 29 To use a fixed cut-off level may not be the optimal way to treat patients in a state of subclinical inflammation. We noticed, although not systematically studied, that many patients in remission had an individual stable level of FC over time and were at risk for a flare-up as that calprotectin value changed. Hence, to establish the individual level of FC in remission and use this as a personal level to guide treatment could become a preferable strategy. How severe are the symptoms you suffer from your bowel disease?
No symptoms 0-------100 Very severe symptoms Do your bowel problems interfere with your activities in daily life?
Not at all 0-------100 Interfere to a very high degree How much worry does your bowel disease cause?
No worry 0-------100 Constant worry How is your general feeling of well-being?
Very good 0-------100 Dreadful
In a recent meta-analysis, the pooled sensitivity and specificity for FC to predict a relapse in UC were 0.77 and 0.71, respectively. 16 In studies reporting results for patients with UC separately, the positive and the negative predictive values are 49-81% and 79-90%, respectively. 23, 25, 30 In these studies, the best cut-off values for calprotectin to predict a relapse are 120-150 mg/g. Our results are similar, because 57% of patients in the control group with a calprotectin value >300 mg/g did experience a symptomatic relapse.
Therapy in patients with quiescent disease, but at risk of a relapse, is a thrilling challenge. The pros and cons must be weighed, taking the need for efficacious treatment and the risk of side effects into consideration. To initiate treatment with an immunomodulating drug or anti-TNF agent in a patient with asymptomatic disease, based on a laboratory test result alone, is beyond accepted strategies. However, this might be an option if an endoscopy is performed and active inflammation is confirmed. In this type of situation, the FC is instead used to identify patients for a colonoscopy.
In the present study, a simple non-invasive strategy was preferred, so a dose adjustment of the current medication was chosen. The vast majority of the patients in the study were receiving Asacol Õ , for which 4.8 g has been shown to be more effective than 2.4 g to achieve treatment success in moderately active UC. 2 Furthermore, a dose-response effect of an oral 5-ASA preparation is expected to improve the maintenance treatment. 8 In a model, this strategy with inflammation targeted treatment using mesalazine agents has also been shown to be cost-effective. 31 For several patients, analysis of one sample monthly was not frequent enough to discover an upcoming flareup; and in most of these patients, calprotectin levels were low (<100 mg/g) in the previously delivered samples. On the other hand, it would not be feasible to deliver samples and run an ELISA more frequently, in clinical practice. A simple, cheap and rapid pointof-care calprotectin test for the patients to use at home would be an attractive option to monitor the disease. In the future, our patients with UC might self-monitor calprotectin levels and adjust therapy, just like diabetics monitor glucose levels and adjust insulin doses, to avoid symptoms and complications.
This new approach to therapy could, theoretically, on the one hand improve quality of life, due to a decrease in disease symptoms; or on the other hand, increase anxiety concerning possible forthcoming relapses. However, in this study it was not possible to draw any conclusions from the SHS questionnaire.
There were some limitations of the study. We were not able to identify a sufficient number of eligible patients and include the planned sample size. Our primary outcome variable did not reach statistical significance, possibly due to a Type II error. Furthermore, all relapses were not endoscopically verified. It is well known that abdominal and bowel symptoms are common in patients with UC, even without inflammatory activity; 32, 33 thus, in the present study the number of relapses is, if anything, overestimated.
To conclude: In patients with UC, FC-guided dosing of the patient's 5-ASA agent showed significantly lower relapse rates than for patients in the control group. However, the overall relapse rates were not significantly different. Still, these results suggest a possible new treatment strategy: To identify and optimize therapy for patients with UC at impending risk of a flare-up, before symptoms appear. Future trials, with a modified study design, should be undertaken to evaluate this new concept further.
